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@ Method for determining nucleic acid. 

© The invention relates to a method for the qualita- 
tive and/or quantitative determination of nucleic acid 
in a test fluid by binding biological particles present 
in the test fluid to a solid carrier by means of an 
immunochemical reaction. 

Thereafter the bound biological particles are lys- 
ed and the liberated nucleic acid is amplified. A test 

CM kit for carrying out the determination is also part of 

^the invention. 
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Method for determining nucleic acid. 



The invention relates to a method for the quali- 
tative and/or quantitative determination of nucleic 
acid in a test fluid and to a test kit for carrying out 
the determination. 

A method for detecting the presence of Salmo- 
nella bacteria in foodstuffs is described in (JSP 
4,689,295. For this purpose a test sample is taken 
from the foodstuff. The Salmonella bacteria is lysed 
in this sample, by which means bacterial DNA is 
liberated- Subsequently this bacterial DNA is de- 
natured and is then hybridized under the suitable 
conditions using a specific DNA probe. By this 
means it is possible to detect Salmonella DNA. The 
method which is used for this purpose is fairly 
laborious. For example, various centrifugation steps 
as well as various washing steps have to be carried 
out during the isolation procedure. Moreover, it is 
necessary to start with a large amount of starting 
material in order to be able to isolate detectable 
amounts of bacterial DNA. Furthermore a great 
disadvantage is that in addition to the bacterial 
DNA also cellular DNA is isolated from the test 
sample, as a result of which a very specific probe 
must be available to enable the bacterial DNA to 
be detected in the large excess of cellular DNA. 

The characteristic feature of the invention is 
that the test fluid is incubated with a solid carrier 
provided with an immunochemical component, the 
carrier binding a biological particle from the test 
fluid by means of an specific biological interaction 
such as an immunochemical reaction or a receptor- 
figand interaction, which particle contains the nu- 
cleic acid to be detected, after which the biological 
particle bound to the carrier is separated from the 
test fluid, followed by an incubation of the biologi- 
cal particle bound to the carrier with an agent 
which breaks open the biological particle and liber- 
ates the nucleic acid and that, at the same time or 
subsequently, the liberated nucleic acid is am- 
plified, after which the presence and/or amount of 
the nucleic acid is determined, which gives a mea- 
sure of the presence and/or amount of biological 
particles in the test fluid. 

This method is particularly suitable if the bio- 
logical particle possesses a protein-containing coat 
and the solid carrier is provided with a 
(monoclonal) antibody directed against an epitope 
of the coat of the biological particle. Biological 
particles which have a protein coat are, for exam- 
ple, viruses or cells, possibly cells infected with 
one or more -viruses, such as T-cells. The nucleic 
acid in the biological particle can belong to the 
genetic composition of the particle itself. The nu- 
cleic acid can also belong to the genetic composi- 
tion because the nucleic acid has penetrated or 



has been introduced into that particle or has been 
entrapped by that particle. Single-celt organisms 
can also be detected by means of the method 
according to the invention. 

s The method is specifically suitable for infec- 

tious viruses, such as Hepatitis virus and viruses 
which cause AIDS (for example H1V-1, HIV-2). In 
combination with a suitable (monoclonal) antibody 
directed against an epitope of the virus, the method 

io gives a markedly good result. 

If one uses a monoclonal antibody anti-preS1, 
it is possible, specifically, to detect infectious 
Hepatitis B virus particles (the so-called Dane par- 
ticles) by means of the method according to the 

75 invention. Infectious Dane particles (42 nm) contain 
a relatively large amount of preS! and preS2 in 
contrast to so-called "dummy" particles of 22 nm, 
which contain hardly any preSl and preS2 but do 
contain a large amount of S-protein and no nucleic 

so acid (Summers, J. Replication of hepatitis B 
viruses. In Viral Hepatitis and Liver Disease, edited 
by Vyas G.N., Dienstag J.L, Hoofnagle, J.H„ New 
York 1984). 

The invention also relates to a test kit for 

25 carrying out the method according to the invention. 
The test kit contains a solid carrier - provided with 
an immunochemical component - as well as an 
agent for splitting biological particles and reactants 
for amplifying nucleic acid. 

30 "A solid carrier provided with an immunochem- 

ical component" is understood to mean a solid 
carrier to which the immunochemical component is 
bound directly or indirectly. 

Since the introduction of the polymerase chain 

35 reaction (PGR) with Klenow DNA polymerase (Saiki 
et aL 1985, Science, 230 p. 1350-1354) and re- 
cently with Taq polymerase (Saiki et aL, 1988, 
Science, 239, p. 487-491), many research groups 
have used this method to detect viral sequences or 

40 have used this method in molecular cloning tech- 
niques. This amplification method which can repli- 
cate DNA sequences by a factor of 10 5 to 10 7 is of 
great importance if only a test fluid is available 
which contains amounts of nucleic acid which are 

45 too small to be detectable without amplification. 

If one uses the method described in the pre- 
viously mentioned USP 4,689,295 in order to iso- 
late nucleic acid from a test sample in such a 
manner, which is currently widely used, a nucleic 

so acid amplification system, such as PCR, used 
thereafter has disadvantages. Specifically, as a re- 
sult of a-specific hybridization with the primers to 
be used in an amplification system of this type, 
undesired sequences will also be co-replicated. It 
is known that in the PCR technique the end prod- 
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uct is its own specific template. This means that 
every trace of contamination with primer-hybridiz- 
ing material will lead to an erroneous positive sig- 
nal. In the light of this it is clear that very special 
precautionary measures must be employed if an 
amplification technique of this type is to be usable 
in practice. Some of these measures are, for exam- 
ple, that pipettes must be reserved for this special 
use, glassware must be cleaned exceptionally care- 
fully and the molecular biological recombinant 
work, inherently to the particles to be detected, 
should preferably be carried out in a laboratory 
area which is isolated from the area in which the 
amplification technique takes place. Despite many 
precautionary measures, negative test fluids are 
nevertheless still frequently found to give a positive 
signal. 

A great advantage of the method according to 
the invention is now that the entire procedure can 
be carried out in one (small) reaction vessel, for 
example in a well of a microtitration plate. More- 
over, only a minimum of reaction steps have to be 
carried out to perform the method. As a con- 
sequence the risk of contamination is reduced. 
Since the test fluid is removed after the biological 
particles containing the nucleic acid to be detected 
have been bound to the solid carrier, the nucleic 
acid which has passed into the test fluid as a result 
of contamination is also removed. The invention is 
explained below with the aid of a detailed descrip- 
tion. 

It is presumed that the virus responsible for the 
disease is present in a test fluid, for example urine 
or blood or blood products. 

This virus consisting of at least a protein coat 
and a nucleic acid, DNA or RNA, is bound to a 
solid carrier by means of an antibody which is 
specifically directed against an epitope of the virus. 
By this means the virus is specifically separated 
from the other components present in the test fluid. 
One such component is, for example, cellular ma- 
terial. 

The binding of a virus of this type to a solid 
carrier can. take place by bringing an antibody, 
which has already been coupled to the solid carrier 
beforehand, into contact with the test fluid. 

An alternative for binding virus (antigen) to a 
solid carrier is a method in which the biological 
particles, for example virus particles, are brought 
into contact with antibodies which are not bound to 
a carrier, which antibodies during or after the im- 
munochemical reaction are bound to a solid carrier 
having affinity for these antibodies. 

Also a possibility to bind virus (antigen) to a 
solid carrier is a method in which the virus par- 
ticles, containing like for instance in HIV the gp160 
as epitope/ligand, are captured by a CD4 receptor 
which receptor is already bound to the solid phase. 



The solid carrier to which an immunochemical 
component is bound directly or indirectly can be 
any material of any shape and size which makes it 
possible to separate (fluid) phase bound to the 

5 carrier from another phase not bound to the carrier. 
The direct or indirect binding of the antibody or 
antibodies to a solid carrier can take place covalen- 
tly or ionically or with the aid of hydrogen bridges 
or can be based on, for example, van der Waals 

10 interaction or immunochemical reaction. Suitable 
carriers are, for example, test tubes, filter paper, - 
wells of microtitre plates or strips, or small rods, 
spheres or discs made from, for example, glass, 
silica or plastic. 

75 The separation between the phase bound to 

the carrier, to which phase the biological particles 
are bound, and the fluid phase can take place in 
the conventional manner. For example by drawing 
off or decanting the fluid is removed, after which 

20 one or more washing steps can be carried out if 
necessary. 

The biological particles bound by antibody- 
antigen complexes to a solid carrier are then in- 
cubated with an agent which breaks open the bio- 
25 logical particles and liberates the nucleic acid 
present in the biological particles. Agents which 
can be used for breaking open a coat on the 
biological particles, frequently a protein, are 
protein-splitting enzymes such as pronase or prot- 
30 einase K. Further suitable agents are, for example, 
detergents such as sodium dodecylsulphate, so- 
dium dodecyl-N-sarcosinate, cetyltrimethylam- 
monium bromide, dodecylpyrimidinium chloride, 
paimitoyllysolecithin, dodecyi-N-betaine, polyox- 
35 yethylene alcohols, poiyoxy-ethyiene isoalcohols, 
polyoxyethyiene p-t-octylphenols, polyoxyethylene 
nonylphenols, polyoxyethylene esters of fatty ac- 
ids, polyoxyethylene sorbitol esters, sodium 
dodecylsulphonate, tetra-decylammonium bromide 
40 and saponins. The non-ionic detergents are pre- 
ferred. Very suitable non-ionic detergents are the 
polyoxyethylene derivatives, including Bry (R \ 
Triton (R) , Nonidet P40 (R> and Tween< R> . 

Another method for breaking open a coat on 
45 the biological particles is heat treatment and/or 
alkaline treatment. 

After the breaking-open of the protein coat, the 
nucleic acid, DNA or RNA, is liberated into the 
reaction mixture. This reaction mixture is then treat- 
so ed, simultaneously or successively, with reactants 
to amplify the liberated nucleic acid. Any suitable 
nucleic acid amplification technique can be used 
for this purpose, such as the previously mentioned 
PCR technique (described in USP 4,683,202), the 
55 so-called TAS technique (described in WO 
88/10315) or the so-called NASBA technique 
(described in EP 329.822). 

After carrying out a suitable amplification tech- 
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nique, the presence and/or amount of the nucleic 
acid is determined in accordance with a manner 
which is in itself known, for example via a direct or 
indirect spectrophotometry determination, prefer- 
ably in the same (small) reaction vessel as that in 
which the nucleic acid was liberated. A conven- 
tional gel electrophoresis method followed by a 
Southern blotting can also be used. The amplified 
nucleic acid can also be detected by making use of 
labelled primers during an amplification reaction. 
By this means the determination is a measure for 
the presence and/or amount of biological particles 
in the test fluid. The invention is explained in more 
detaii with the aid of the example which follows 
hereinafter. 



Example 1 



a. Binding of Hepatitis B virus to anti-preS1 on a 
solid phase ~ 

50 ul of serum (negative or containing 10 pg 
Hepatitis B virus (HBV) as positive control) are 
incubated for 1 hour at 37* C in a well of a micro- 
titration plate. This well has been coated with anti- 
preS1 directed against the preSl epitope on 
HBsAg. After washing 5 times with PBS-Tween (R) , 
the inside of the well is treated with alkali, either 
direct or after a Proteinase K treatment. Proteinase 
K treatment is carried out by adding 50 til of 
0.01% (WW) Proteinase K (Merck, 27IU/mg) in 10 
mmol/1 Tris/HCl pH 7.5, 1 mmol/1 EDTA, 0.1% 
SDS and the mixture is incubated at 37* C for 1 
hour. 

Alkali treatment is carried out by adding 2.5 ill of 
NaOH (final concentration 50 mM or 500 mM) and 
then incubating for 15 minutes at 50* C, after which 
the solution is neutralized by adding 2.5 ul of HCi 
of suitable molarity. 



b. Amplification (PCR technique). 

50 Hi addition of a mixture containing: 
20 mmol/l Tris.HCl, pH 8.3, 12 mmol/l MgCl 2) 
0.02% (WW) gelatin, 400 umol/l each of dATP, 
dCTP, dGTP and TTP, 2 umol/l of each primer and 
4 units of Tag polymerase are added and the 
mixture is incubated for 1 minute at 94° C followed 
by 4 minutes at 65 "C. This cycle of incubating at 
94° C and then at 65* C is repeated 40 times. The 
primers used are the sequences indicated below. 
The complementary sequence is localized around 
the unique EcoRl restriction endonuclease cutting 
site in the HBV genome. 



These sequences are 

5'CCTCCTGCCTCCACCAATCG-OH and 

s'gaactggagccaccagcagg-oh. 

5 

c. Agarose gel electrophoresis/hybridization 

After the abovementioned PCR technique, 3 ill 
of the solution are applied to a 2% agarose gel, 

to after which a gel electrophoresis takes place for 2.5 
hours with 50 mA. The gel is then coloured with 
ethidium bromide. After Southern blotting, the ni- 
trocellulose filters are hybridized with an internal 
probe labelled with 32 P and washed under stringent 

75 conditions, followed by autoradiography. It is found 
from this detection method that the method accord- 
ing to the invention leads to a highly sensitive 
(femtogram level) technique which can be carried 
out in a single small reaction vessel. 

20 

Example H 



25 

a. Binding of Human Immunodeficiency Virus via 
an anti-envelope monoclonal antibody to the solid 
phase. 

30 50 ill! of a sample (either normal human serum 

or serum containing HIV as positive control) is 
incubated for 1 hr at 37 ° C in a well of a micro- 
titration plate coated with a monoclonal antibody 
directed against HIV'-envelope protein. 

35 After washing 5 times with PBS-Tween, the well is 
treated as described in Example la. 



b. HIV-nucleic acid amplification 

40 

Amplification of the HIV nucleic acid is 
achieved by PCR or NASBA. 



45 bl.PCR 

50 ixl reaction mixture is added containing 100 
mM KCI, 20 mM Tris pH 8.3, 3 mM MgCl 2 . 0.2 
mg/ml gelatin, 400 uM dATP, dCTP, dGTP, and 

50 dTTP each, 2 uM of both primers (sequences 
depicted below), 10U Avian Myeloblastoma Virus 
Reverse Transcriptase and 4U Taq polymerase. 
cDNA synthesis for 30 minutes at 45 °C was 
followed by fourty amplification cycles: one am- 

55 plification cycle consists of a 1 minute incubation at 
95 *C, a 1.5 minute incubation at 52 °C and a 2 
minutes incubation at 72 ° C. 
The HIV-pol sequences used are: 5'-ACA GGA 
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GCA GAT GAT ACA GTA TTAG-3 and 5 -CCT 
GGC TTT AAT TTT ACT GGT A-3\ 



b2. NASBA 

Five ui of the extraction mixture is added to 20 
jllI reaction mix containing 40 mM Tris/HCi pH 8.3, 
20 mM MgCt 2 , 40 mM KC1, 5 mM DTT, 2 mM 
spermidine-HCI, 1 mM dATP, dCTP, dGTP and 
dTTP each, 4 mM ATP, CTP, GTP and UTP each, 
0.1 itM of both primers (sequences depicted be- 
low), 19 U RNA guard, 2.5 HQ BSA, 0,2 U RNase 
H, 20 U T7 RNA polymerase and 4.2 U Avian 
Myeloblastoma Virus Reverse Transcriptase. 
The amplification takes place in 3 hrs at 42 * C. 
The H!V-poi primer sequences used are: 5 -ACA 
GGA GCA GAT GAT ACA GTA TTA G-3' and $- 
AAT TCT AAT ACG ACT CAC TAT AGG GCC 
TGG CTT TAA TTT TAC TGG TA-3. 



in that the virus is a Hepatitis B virus and the 
monoclonal antibody is an anti-preS1 monoclonal 
antibody. 

5. Test kit for carrying out the determination 
according to Claim 1 . 



20 



c. Detection 

The amplification product is detected as de- 
scribed in Example lc. 
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Claims 

1 . Method for the qualitative and/or quantitative 
determination of nucleic acid in a test fluid, char- 
acterized in that the test fluid is incubated with a 
solid carrier provided with an immunochemical 
component, the carrier binding a biological particle 
from the test fluid by means of an immunochemical 
reaction, which particle contains the nucleic acid to 
be detected, after which the biological particle 
bound to the carrier is separated from the test fluid, 
followed by an incubation of the biological particle 
bound to the carrier with an agent which breaks 
open the biological particle and liberates the nu- 
cleic acid and, at the same time or subsequently, 
the liberated nucleic acid is amplified, after which 
the presence and/or amount of the nucleic acid is 
determined, which gives a measure of the pres- 
ence and/or amount of biological particles in the 
test fluid. 

2. Method according to Claim 1, characterized 
in that the biological particle possesses a protein- 
containing coat and the solid carrier is provided 
with a monoclonal antibody directed against an 
epitope of the coat of the biological particle. 

3. Method according to Claim 2, characterized 
in that the biological particle is a virus and the 
monoclonal antibody bound to the carrier is di- 
rected against an epitope of the virus. 

4. Method according to Claim 3, characterized 
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0 The invention relates to a method for the qualita- 
tive and/or quantitative determination of nucleic acid 
in a test fluid by binding biological particles present 
in the test fluid to a solid carrier by means of an 
immunochemical reaction. 

Thereafter the bound biological particles are fys- 
ed and the liberated nucleic acid is amplified. A test 
kit for carrying out the determination is also part of 
the invention. 
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